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STJMMARY
Cells of eukaryotic organisms contain compartments (organelles), which fulfil different
functions in the overall metabolism of the cell. Microbodies (peroxisomes) may be
regarded as organelles in which distinct metabolic conversions are catalyzed, mostly by
non-membrane bound enzymes. For instance fatty acid B-oxidation enzymes appear to be
present in the matrix of the peroxisomes of most, if not all aerobic eukaryotes.
During growth on methanol, a strong proliferation of peroxisomes is induced in the yeast
Hawenulq polymorpha. Alcohol oxidase (AO) is the most abundant protein present in the
matrix of these organelles under these conditions. By concentrating part of the enzymes
involved in the methanol metabolism in peroxisomes fluxes of intermediates may be better
controlled because proteins, participating in the catalysis of subsequent enzymatic
conversions, iue located in the same compartment. However for metabolic
compartmentalization additional re4uirements with respect to the organization of transport
across the organellar membrane of enzymes, their co-factors and metabolites must be
met.
Precursors of peroxisomal proteins, including AO are synthesized in the cytosol and are
post-translationally imported into peroxisomes. Following import of the precursor, the
protein obtains its enzymatically active conformation. The active form of the enzyme AO
consists of eight identical subunits each containing one binding site for the co-factor flavin
adenine dinucleotide (FAD).
Despite considerable efforts in recent years, attempts to re-assemble/reactivate AO in
vitro following its chemical dissociation sofar have failed. Evidence was obtained that AO
assembly in vivo is not a spontaneous process.
During the last years proteins were discovered which assist other proteins in reaching
their final location and in their folding and assembly. These so-called molecular
chaperones are present in almost all subcellular compartments. The possible occurrence of
peroxisomal molecular chaperones had not been investigated. The assumption was made
that in the peroxisomes of the yeast Hansenula polymorpha molecular chaperones would
be present, which are involved in the import, folding and assembly of AO.
The aim of this study was to investigate if molecular chaperones were present
peroxisomes of the yeast H. polymorpha and which other factors are essential for
assembly of AO.
In Chapter 1 the yeast H. polymorphc is introduced as an interesting model-organism for
fundamental and applied research. The current knowledge about this organism is
summarized and the development of techniques to study peroxisome biogenesis in this
yeast is reviewed.
Chapter 2 describes a model study on interactions between denatured peroxisomal AO and
a bacterial chaperone (GroEL). This study was initiated to investigate the possibility to
use this denatured peroxisomal protein as a substrate for binding to molecular chaperones.
Conditions for binding to and release of GroEL from the AO substrate were investigated




information obtained from these studies was used to develop a one-step affrnity
purification procedure for molecular chaperones. This approach resulted in the
purif,rcation and identification of several H. polymorpha molecular chaperones, belonging
to the hsp60 and hsp70 families (Chapter 3). However homologues of these proteins in
the peroxisomes of the yeast FL polymorpha were not found.
In Chapter 4 an alternative (in vivo) approach is described to study the assembly pathway
of AO. A mutant yeast strain (rifl) was generated, which was not able to produce FAD,
the co-factor of AO. By addition of riboflavin, a precursor of FAD that is converted to
FAD by the mutant cells, to the growth medium, it was possible to manipulate the
availability of the co-factor of the peroxisomal AO. In addition to defercts in the activation
and assembly (accumulation of non-octameric AO protein), pronounced effects on import
of peroxisomal proteins were observed. Saturation of (an) intra-peroxisomal factor(s) was
discussed as an explanation for the observed phenomena.
During in vitro inactivation/reactivation experiments an interesting phenomenon was
observed, namely the dissociation of AO upon incubation in high concentrations of
glycerol. Further studies revealed that upon in vito dissociation by glycerol, spontaneous
re-assembly of AO occurs upon dilution of the glycerol (Chapter 5). These findings
indicated that also in vivo this part of the assembly pathway could occur spontaneously.
The frnal chapter (Chapter 6) describes an attempt to pin-point at which stage of the
assembly pathway of AO a peroxisomal molecular chaperone would be indispensable.
Intermediates of the assembly pathway of AO in vivo, present in wild type and mutant
strains, were studied. Mutant strains devoid of the peroxisomal compartment (Aper1 and
the 6perl .rifl double mutant) accumulated a conformation of monomeric of AO, which
was not detectable in strains which contained peroxisomes (W-I and n/). This
conformation of AO was identical to the conformation that could be derived from the
purified native protein upon incubation with high glycerol concentrations.
The combined results revealed that a specific peroxisomal factor is involved in the
attachment of the co-factor FAD to AO precursors to generate FAD-containing
monomeric subunits. These FAD-containing subunits may then spontaneously associate
into the active enzyme.
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